In this relatively simple procedure for extracting metanephrines from urine, after an internal standard (4-hydroxy-3-methoxybenzylamine in 1 mmol/L HCI) is added, the sample is hydrolyzed in a boiling water bath, then treated with ammonia and alumina. Excess ammonia is removed under reduced pressure and the sample is applied to a 1-mL Bond Elut SCX column, which is washed, and metanephnnes and internal standard are eluted with 0.5 mmol/L sodium acetate/ acetonitnle (3/1 by vol). Of this eluate, 5 4. is injected onto a 15 cm x 4.6 mm (i.d.) column packed with 5-sm octadecylsilyl silica particles, which is eluted with a mobile phase containing tetramethylammonium perchlorate. Peaks are detected coulometncally at +0.28 V. In the resulting chromatogram, metanephrines give sharp peaks, well resolved from peaks for solvent and internal standard. There are no extraneous peaks for catechols or mono-oxygenated phenylethylamines. Results correlated well (r = 0.999, n = 13) with those by earlier described liquid-chromatography.
Determination of urinary metanephrines remains a reliable index for screening hypertensive patients for detection of pheochromocytoma
(1,2).
Several liquid-chromatographic procedures (LC) with electrochemical detection (EC) have been described for determination of urinary metanephrines (3) (4) (5) (6) (7) . Some laboratories, including some reference laboratories, apparently still measure metanephrines spectrophotometrically, but some now measure catecholamines and certain other metabolites by LC-EC procedures (8) . This spectrophotometric approach is used because the extraction of metanephrines from urine for LC-EC is relatively slow and tedious, requiring ion-exchange purification followed by one or two solvent extractions and one or more evaporation steps. In one procedure, urine is purified by ion-exchange only and the ammoniacal eluate is injected directly for analysis via gradient elution (9). Alternatively, metanephrines can be eluted from the cationexchange column with dilute acid and the eluate injected without further purification by solvent extraction for isocratic LC-EC (10, 11) , but the resulting chromatogram is complex and shows many extraneous peaks. Recently, Bandi (12) described a procedure based on Bio-Rad dualcolumn purification of metanephrines.
Here I describe a single-column extraction procedure for metanephrines. The extract without any further purification and isocratic elution gives a "clean" chromatogram, well comparable with that obtained by Shoup and Kissinger (3) . show optimal response when electrode II is set at 0.36 V. However, at this voltage tyramine and other mono-oxygenated phenylethylamines also show appreciable response. To keep the chromatogram simple, I reduced the voltage of the analytical electrode to 0.28 V, which decreased the response for metanephrines and the internal standard to about 25% and that for methoxytyramine to about 50% of the response observed at 0.36 V. However, this response is still adequate to detect metanephrine down to 0.01 mgfL.
The mobile phase used in this procedure has a simple composition. However, it takes 6-8 h for the column to equilibrate and to stabilize detector response with this mobile phase. The mobile phase is pumped overnight and recirculated. The column eluate is discarded when the samples are injected.
Figure lB shows a chromatogram of Bio-Rad urine control 2, which has abnormally high concentrations of most of the endogemousbiochemical compounds. The chromatogram shows only a few extraneous peaks, which indicates the extraction procedure to be satisfactory. Use of silica-based cation-exchange columns with a vacuum system is convenient, because the column packing does not swell or shrink and the flow rates can be manipulated. Further, metanephrines can be recovered in good yield over a wide pH range (13) . However, urine extracts show more extraneous peaks with EC detection when the urine pH is <6.5 than do the peaks obtained when the urine pH is >7 for adsorption of metanephrines on SCX columns. It is a slow and tedious process to adjust the pH of different clinical urine samples to a fixed value, because the samples as received contain different amounts of acid. For convenience and speed, I added a fixed, excess volume of ammonia to each sample and removed the excess ammonia at 50#{176}C under reduced pressure in a vacuum oven. Reportedly (14) , metanephrines are unstable at alkaline pH. However, I saw no change in the peak areas of metanephrines or internal standard when 5-4. aliquots of a freshly prepared solution of 50 ng/mL of each compound in 0.2 mmol/L NH4OH were injected at 0 mm and after 30-mn incubation at 50#{176}C. In contrast, catecholamines and 5-hydroxytryptamine are extensively degraded at alkaline pH-a desirable phenomenon when urinary metanephrines are being assayed. However, both dopamine and 5-hydroxytryptamine, when present in abnormally high concentrations, are not completely removed by ammonia, but alumina, added to urine at alkaline pH, removes dopamine and other catechols completely. There is no loss of metanephrines or 5-hydroxytryptamine due to adsorption on alumina. In the previously simplified extraction procedures (10, 11) , the presence of dopamine in the final extract made the chromatogram complex. To avoid possible interference by co-extracted endogenous compounds, no internal standard was used in the procedure described by Trouvin and Billaud-Mesguich (11) .
Analytical recovery of metanephrines in the described extraction procedure was determined by comparing peak areas of metanephrines and internal standard by injecting . aliquots of a 0.5 mgfL standard prepared in the eluting solvent and the extract of a 0.5 mgfL metanephrime standard in synthetic urine. Recovery, after correction for volume changes during extraction, corresponded to about 75%. There is no change in the ratio of analyte to internal standard after extraction. The eluate is only mildly alkaline (pH 7.6) and is suitable for direct injection onto a To check for some possible drug or diet interferences, I analyzed 40 unselected urine samples received in the laboratory. Some showed extra peaks in all parts of the chromatogram, but no interference was observed with normetanephrine, metanephrine, or internal standard in terms of the shape of the peaks, and the value for metsnephrines was within the normal reference interval. In some cases, the peak for methoxytyrarnine was not resolved from extraneous peaks. Figure 1C shows a chromatogram of the extract of urine from a patient who was receiving acetamimophen, alpha-methyldopa, domperidone, diazepam, labetalol, hydralazime, cloxacillin, morphine, and chlorpromazine.
